We aimed to identify different stroke prevention treatments for atrial fibrillation assessed in randomized controlled trials and to compare them within a single evidence synthesis framework.
all associated with a significantly lower rate of ischemic stroke compared with placebo. For major and fatal bleeding episodes, there was some evidence of an increased risk for all treatments but none were statistically significant. Assuming a baseline risk of 51 ischemic stroke events per 1000 person-years, it can be estimated that adjusted standard-dose warfarin could prevent 28 (95% CrI, −37 to −19) ischemic strokes at the expense of 11 (95% CrI, −1 to ϩ39) major or fatal bleeding episodes. In comparison, aspirin could prevent 16 (95% CrI, −26 to −5) ischemic strokes at the expense of 6 (95% CrI, −3 to ϩ27) major or fatal bleeding episodes.
Conclusions: A lower rate of ischemic stroke and a higher rate of major bleeding episodes were found to be associated with oral anticoagulants compared with aspirin, and both anticoagulants and aspirin were found to be associated with a reduction in the rate of stroke compared with placebo. Med. 2006; 166:1269 -1275 A TRIAL FIBRILLATION IS REported to be one of the most commonly encountered cardiac rhythm disturbances in clinical practice, 1 currently affecting nearly 2.3 million adults in the United States. 2 The prevalence of atrial fibrillation in the United States is expected to increase to more than 5.6 million by 2050 as the population ages (ie, Ͼ50% of affected individuals expected to be 80 years or older). 2 Individuals with atrial fibrillation are at an increased risk of mortality and also an increased likelihood of stroke, thus resulting in greater mortality and morbidity, longer hospital stays, and greater disability than individuals without atrial fibrillation. 3, 4 Two general strategies are available for the treatment of atrial fibrillation to reduce the risk of stroke. The first strategy is to control the ventricular response with either atrioventricular-nodal blocking agents or atrioventricular junction ablation, and the second strategy is a rhythm control strategy via antiarrhythmic drugs together with the use of antithrombotic agents. The latter is the main focus of interest herein.
Arch Intern
During the last 20 years, many randomized clinical trials (RCTs) have been conducted to investigate the use of antiarrhythmic or antithrombotic treatments for the prevention of stroke associated with nonrheumatic atrial fibrillation. Some of these trials used a placebo or control group, whereas others used active treatment comparison groups. Several systematic reviews, [5] [6] [7] [8] [9] [10] [11] including meta-analyses, have been conducted, but these have primarily focused on pairwise comparisons of the different treatment regimens (eg, placebo vs adjusted standard-dose warfarin sodium, placebo vs aspirin, and adjusted standard-dose warfarin vs aspirin). The ob-jectives of this article are to synthesize the available evidence from RCTs within a single analysis using a mixed-(multiple-) treatment comparison method, 12,13 also known as a network meta-analysis technique, 14, 15 and to compare the different treatment options with one another, thus allowing comparisons of agents not addressed within any of the individual primary trials.
METHODS
A number of different stroke prevention treatments are available for individuals with nonrheumatic atrial fibrillation. The review focused on trials that assessed the long-term use of treatments (ie, at least 12 months). The outcome measures of interest in this analysis were ischemic strokes and major or fatal bleeding episodes per 1000 person-years of follow-up.
LITERATURE SEARCH
We used the Cochrane review on anticoagulants or antiplatelet therapy for nonrheumatic atrial fibrillation 5 and updated it to include RCTs published between January 2000 and March 2005. The primary source of literature for this review was the CENTRAL database of the Cochrane Collaboration. As a secondary source, MEDLINE was searched using the terms atrial fibrillation, stroke, and prevention combined with an RCT filter. 16 The RCTs were eligible for inclusion in the review if the follow-up period was at least 12 months.
STATISTICAL METHODS
Mixed-treatment comparison methods 12, 13 were used to compare the different treatment regimens for stroke prevention in patients with atrial fibrillation. These methods are a generalization of meta-analysis methods because they allow comparisons of agents not addressed within any of the individual primary trials. In addition to analyzing the direct within-trial comparisons between 2 treatments (eg, A vs C), the mixedtreatment comparisons framework enabled us to incorporate the indirect comparisons constructed from 2 trials that have 1 treatment in common (eg, A vs B, B vs C). [12] [13] [14] Such methods can only be applied to connected networks of RCTs.
14 For example, a comparison of treatments A, B, C, and D could be achieved using trials that contained the following pairwise comparisons: A vs B, B vs C, or C vs D; if only trials of A vs B and C vs D existed, then the network would be disconnected. This type of analysis preserves the within-trial randomized treatment comparison of each trial while combining all available comparisons between treatments.
A random-effects Poisson regression model was fitted, 17 taking into account the correlation structure induced by the multiarm trials. The analysis used the rate of stroke and the rate of major or fatal bleeding episodes per 1000 person-years to obtain the log rate ratios of one treatment relative to another treatment. Rates, rather than number of events, were considered the most appropriate outcome for this analysis because they incorporate the duration of the trials and also allow for multiple events within individual patients. The assumptions of a mixedtreatment comparison analysis are that (1) study-specific treatment effects are drawn from a common population (exchangeable) and (2) heterogeneity is constant between the different comparisons.
The goodness of fit of the model to the data was measured by calculating the residual deviance defined as the difference between the deviance for the fitted model and the deviance for the saturated model, where the deviance measures the fit of the model to the data points using the likelihood function. Under the null hypothesis that the model provides an adequate fit to the data, it is expected that residual deviance would have a mean equal to the number of unconstrained data points. 18, 19 All analyses were conducted using a Bayesian Markov chain Monte Carlo method 13 and fitted in the freely available Bayesian software, WinBUGS. 20 Further technical details of the analysis together with the WinBUGS code are available at http://www .hs.le.ac.uk/personal/ajs22/mtc/supplement.htm.
RESULTS
We identified 6 RCTs, [21] [22] [23] [24] [25] [26] which had all been published since December 1999, to add to the 14 RCTs 27-40 identified in the original Cochrane review to provide us with a total of 20 RCTs that consisted of 11 different treatment strategies. One of the newly identified trials 25 failed to fit into the connected network of the RCT framework ( Figure 1 ) because of its chosen treatment comparators (ie, triflusal and acenocoumarol), which were not considered by any of the other identified trials; therefore, this trial was excluded from the analysis. Two further trials were also excluded from the analyses because of short follow-up (ie, Ͻ12 months). 26, 37 Two 33,35 of the remaining 17 RCTs separated participants into warfarineligible and warfarin-ineligible groups based on clinical features or patient preference 31, 32, 35 or into groups based on age of 75 years or younger and age older than 75 years. 33 In both RCTs, the different patient groups were originally analyzed separately; thus, we have done likewise, increasing the total number of trials to 19. Note that, for 2 of the trials included in the analysis, the comparator to the active treatment was no treatment rather than placebo. 23, 27 These trials were included in the initial analysis as being equivalent to placebo but excluded in a sensitivity analysis to assess their influence on the overall results. The data extracted from the trial publications are presented in the Table and include the number of ischemic strokes and major or fatal bleeding episodes, as well as the number of individuals in each of the trials and total number of person-years of observation.
The trials identified were from Asia, Australia, Canada, Denmark, Italy, Japan, the Netherlands, Spain, Sweden, and the United States, included a total of 17 833 patients followed up for an average of 1.8 years, and considered 9 different treatment regimens. Treatment strategies are displayed as a network meta-analysis diagram in Figure 1 , where the different treatment strategies are represented as nodes in the network and the links between the nodes represent pairwise treatment comparisons extracted from the RCTs identified (eg, if an RCT compared adjusted standarddose warfarin vs aspirin vs placebo, this is represented in the diagram as 3 pairwise comparisons: adjusted standarddose warfarin vs aspirin, adjusted standard-dose warfarin vs placebo, and aspirin vs placebo). No trial evidence was identified that compared all of the 9 treatment regimens directly (ie, within 1 RCT). However, as can be observed from Figure 1 , the 19 trials identified formed a connected network, which is essential when applying mixedtreatment comparisons, and included 13 two-arm trials, 5 three-arm trials, and 1 four-arm trial, resulting in a total of 45 trial arms. Note that warfarin has been classified into 3 categories as defined in the published trial reports: (1) This was equal to the number of unconstrained data points (45) of the model, thus demonstrating a good fit of the model to the data. Figure 2B displays a caterpillar plot of the RR of major or fatal bleeding episodes for all the possible pairwise comparisons of the 8 different treatments. (No data are available on major or fatal bleeding episodes for alternate-day aspirin.) When compared with placebo, there is evidence of an increased risk in major or fatal bleeding episodes for all treatments, but none are statistically significant at the .05 level (ie, all CrIs contain 1.0). The residual deviance was calculated to be 38.59. This was similar to the number of unconstrained data points (37) of the model, thus demonstrating a good fit of the model to the data.
ADVERSE EVENTS: MAJOR OR FATAL BLEEDING EPISODES
In a sensitivity analysis, the trials that included control arms rather than placebo arms 23, 27 were removed and the data reanalyzed. The omission of these trials changed the results slightly but did not affect the overall conclusions of the analysis. In a second sensitivity analysis, the National Study for Prevention of Embolism in Atrial Fibrillation trial data, 25 originally excluded because it failed to fit into the network, were included in the analysis by grouping acenocoumarol (a vitamin K antagonist of the coumarin class) with adjusted standard-dose warfarin because it shares a common mechanism of action. Some evidence indicated that triflusal is associated with a higher rate of ischemic stroke than other active treatments, but none were statistically significant at the .05 level.
COMMENT
In this mixed-treatment comparison analysis, we were able to compare the 9 different treatment strategies for stroke prevention in individuals with nonrheumatic atrial fibrillation with one another, thus allowing comparisons of agents not addressed within any of the individual primary trials. Although our results are not directly comparable with most previous meta-analyses because of the use of rates rather than odds ratios, overall they agree with previous pairwise meta-analyses; that is, lower odds of ischemic stroke and higher odds of major bleeding episodes were found to be associated with oral anticoagulants compared with aspirin, 5, [8] [9] [10] and both anticoagulants and aspirin were found to be associated with a reduction in the odds of stroke compared with placebo. 7 A systematic review by Reynolds et al 41 examined the relationship between the INR and the outcomes of stroke and bleeding in patients with atrial fibrillation who were receiving anticoagulation with warfarin. They found that the 1.5 to 2.0 INR stratum was associated with significantly higher rates of stroke compared with the 2 to 3 INR stratum (odds ratio, 2.11; 95% CrI, 1.06-4.19), but a comparison of an INR of 2 to 3 with an INR of less than 1.5 and an INR of more than 3 was not statistically significant, but caution is required when interpreting their results because of the inclusion of observational study data and RCTs and the potential biases associated with it.
To put the results of our analyses into perspective, if the baseline risk in people with nonrheumatic atrial fibrillation is 51 ischemic stroke events per 1000 personyears (ie, the average rate in the placebo or control arms of the trials), adjusted standard-dose warfarin compared with placebo could prevent 28 (95% CrI, −37 to −19) strokes at the expense of 11 (95% CrI, −1 to ϩ39) major or fatal bleeding episodes, aspirin could prevent 16 (95% CrI, −26 to −5) strokes at the expense of 6 (95% CrI, −3 to ϩ27) major or fatal bleeding episodes, indobufen could prevent 33 (95% CrI, -49 to ϩ3) strokes at the expense of 22 (95% CrI, −8 to ϩ181) major or fatal bleeding episodes, and ximelagatran could prevent 29 (95% CrI, −39 to -16) strokes at the expense of 10 (95% CrI, −5 to ϩ60) major or fatal bleeding episodes. Alternateday aspirin could prevent 23 (95% CrI, −38 to ϩ5) strokes, but we have no data on the number of major or fatal bleeding episodes; however, we would not expect it to exceed that estimated for daily aspirin (ie, 6 [95% CrI, −3 to ϩ27]). Note that, in the Low-dose Aspirin, Stroke, and Atrial Fibrillation (LASAF) trial, 40 which compared alternate-day aspirin with aspirin and placebo, recruitment was stopped early because of the publication of other trials that showed adjusted standard-dose warfarin to be a superior treatment to aspirin. For this reason, the LASAF trial was underpowered, resulting in large uncertainty in the rate ratio estimates that contained alternate-day aspirin. Other limitations with the trial data that should be highlighted are that most trials, including adjusted-(standard-or low-) dose warfarin, were open-label (unblinded) trials because of the necessity to adjust the dose, and 3 trials allowed the concurrent use of aspirin. 21, 22, 27 As observed by Taylor and Ebrahim, 9 marked clinical heterogeneity exists in risk among patients included in the different trials. Although all trials were designed to examine the effects of treatment in nonrheumatic atrial fibrillation, most included a proportion of patients who had histories of stroke or transient ischemic attack (ranging from 0% to 100% of patients, Table) . Like standard pairwise meta-analysis, mixed-treatment comparisons assume that there is no baseline risk by treatment interactions across studies. The goodness of fit of the models to the data, measured by the residual deviance, was found to be good (ie, residual deviance approximately equal to the number of unconstrained data points), thus providing little evidence to suggest that treatment effect is not reasonably consistent across risk groups.
The key assumption of a random-effects mixedtreatment comparison model is that the treatment effects in each trial are different but from a common distribution. 13 This assumption is similar to that underlying standard pairwise meta-analysis but with the additional assumption that this common distribution is the same across the entire set of trials irrespective of which treatments were evaluated in the primary trials. 13 Another assumption is that the treatment effects are additive; that is, the relative effect of treatment A vs C is estimable from the effects of A vs B and B vs C. [42] [43] [44] The assessment of publication bias is more complex in a mixed-treatment comparison framework and is an area that requires further research. However, funnel plots (not shown) were plotted for adjusted standard-dose warfarin vs aspirin
